Secukinumab, a fully human monoclonal antibody neutralizing interleukin-17A, has been shown to have significant efficacy in the treatment of moderate to severe psoriasis. Long-term (3-year) efficacy and safety of secukinumab in Japanese patients with moderate to severe psoriasis were evaluated in an extension study of a large phase 3 global study (SCULPTURE). In the core study, 52 Japanese patients with 75% improvement of Psoriasis Area and Severity Index (PASI-75) response at week 12 were re-randomized to a fixed interval (FI; every 4 weeks) schedule and retreatment as needed (RAN), in which patients received placebo until start of relapse, at which time secukinumab was reinitiated. Fifty Japanese patients completed the 52-week core study, and 47 patients entered the extension study with the same double-blind regimens up to week 152. All patients in the secukinumab 300 mg FI and seven patients in 150 mg FI groups completed 3 years of treatment. PASI-90 and -100 at the end of year 3 were achieved in 69.2% and 53.8%, respectively, in 300 mg FI and 42.9% and 42.9%, respectively, in 150 mg FI, indicating high sustained response in 300 mg FI. Mean absolute PASI was continually low in 300 mg FI and numerically higher in 150 mg FI. Dermatology Life Quality Index of 0/1 was maintained by approximately twothirds of 300 mg FI patients, and all EuroQoL 5-Dimension Health Questionnaire domain measures were also improved. FI dosing was consistently more efficacious than RAN. The safety profile of secukinumab remained favorable, with no new safety concerns identified.
INTRODUCTION
Secukinumab, a fully human monoclonal antibody that selectively neutralizes interleukin (IL)-17A, has been shown to have significant efficacy in the treatment of moderate to severe psoriasis, demonstrating a rapid onset of action and sustained response with a favorable safety profile. [1] [2] [3] [4] [5] [6] Given the chronic and potentially lifetime course of moderate to severe plaque psoriasis, 7 it is critical to assess the long-term safety and optimal maintenance regimen of efficacy. The SCULPTURE core study (NCT01406938) was a randomized, double-blind, parallel-group, 52-week trial designed to compare different secukinumab maintenance treatment regimens, a fixed interval (FI; every 4 weeks) schedule and retreatment as needed (RAN), in patients with moderate to severe plaque psoriasis. 3 An extension study of the SCULPTURE core study (NCT01640951) was conducted to collect long-term double-blind data of secukinumab. In the extension study, patients continued the same double-blind regimens as the core study up to week 152. 8 The study was open-label from year 4.
Efficacy, safety and health-related quality of life (HRQoL) data from a total of 3 years of double-blind extension treatment in the overall study population, approximately 75% of whom were Caucasian, has been reported earlier, and recently, efficacy and safety of secukinumab through 5 years of treatment was reported. 9 However, there is no report on the impact of maintenance treatment regimens, FI versus RAN, on HRQoL, and for long-term data of secukinumab in the Japanese population. Moreover, previous reports focused on 300 mg arms, and 150 mg data was not included. Unlike Western countries, a 150 mg dose was approved for psoriatic patients with bodyweight of 60 kg or less in Japan, in addition to the usual adult dose of 300 mg. It is therefore essential to report the 150 mg data of Japanese patients in this study. The information would be also useful for the patients in other Asian countries who have relatively low bodyweights. Here, we present the data, including details of HRQoL and 150 mg dose, from Japanese patients participating in the SCULPTURE and extension studies, covering 3 years of double-blind treatment from core study baseline.
METHODS

Study design
SCULPTURE was a randomized, double-blind, parallel-group, 52-week trial designed to compare different secukinumab maintenance treatment regimens in patients with moderate to severe plaque psoriasis. 3 Eligible patients were randomized 1:1 to s.c. secukinumab 300 or 150 mg groups (Fig. S1 ). Secukinumab was administrated at baseline and weeks 1, 2, 3, 4 and 8. At week 12, 75% improvement in baseline Psoriasis Area and Severity Index (PASI-75) responders were re-randomized 1:1 to maintenance therapy on FI or RAN regimens at the same dose received in the first 12 weeks. For the FI regimen, patients received secukinumab every 4 weeks. For the RAN regimen, patients received secukinumab at week 12, followed by placebo until start of relapse, defined as loss of 20% or more of maximum PASI score improvement versus baseline, plus loss of PASI-75 response. When start of relapse criteria were fulfilled, the patients received active secukinumab at the originally randomized dose at scheduled study visits (i.e. every 4 weeks) until regain of PASI-75 response; at this point, the patient started receiving placebo again.
Patients who completed the 52-week SCULPTURE core study entered an extension study if the patient and investigator expected benefits from the extension. Patients were not required to achieve PASI-75 at the end of the core study to enroll for the extension phase. Patients who received s.c. secukinumab 300 or 150 mg in the FI or RAN regimen in the SCULPTURE maintenance period continued the same dose and treatment regimen and returned for visits up until the last blinded dose at week 152.
The study protocol was approved by the institutional review board of each participating site, and the study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines. Eligible patients provided written informed consent in the core study.
Patients
Eligibility criteria for the SCULPTURE core study included age of 18 years or more and a diagnosis (≥6 months prior to randomization) of chronic moderate to severe plaque psoriasis, defined as all of the following: PASI score of 12 or more; investigator's global assessment, 2011 modified version score of 3 or 4; and body surface area affected of 10% or more. Additionally, patients were required to have a history of inadequate psoriasis control with any of the following: topical treatments, phototherapy, systemic therapy or a combination of these. Use of concomitant psoriasis therapy during the study was prohibited, with the exception of topical corticosteroids applied to the face, scalp, and/or genitoanal area for 14 or less consecutive days.
Outcomes
The primary objective of the extension study was to assess the long-term safety and tolerability of secukinumab in patients with moderate to severe chronic plaque-type psoriasis who completed treatment in the core study. The secondary objectives included the long-term efficacy of secukinumab administrated at RAN versus FI regimens in patients with moderate to severe chronic plaque-type psoriasis who were PASI-75 responders at week 12 in the core study. HRQoL assessments such as Dermatology Life Quality Index (DLQI) and EuroQoL 5-Dimension Health Questionnaire (EQ-5D) were also evaluated. 10, 11 The EQ-5D is a questionnaire with five questions in five dimensions (mobility, self-care, usual activities, pain/discomfort and anxiety/depression) each with three levels of health state description ("no problems", "moderate problems", "severe problems"). 10 Subsequently 243 patterns of health quality of life (QoL) are converted to a utility value on a scale ranging from 0 (death) to 1 (completely healthy) using the associated conversion 
Statistical analysis
For all efficacy assessments, summary statistics were calculated by visit and treatment group. The proportion of patients with PASI-75, -90 or -100 response, DLQI 0/1 response (in DLQI total score), the proportion of patients reporting each category on EQ-5D domains, and absolute mean change from baseline in EQ-5D visual analog scale score were all analyzed using observed values without imputation of any missing values. EQ-5D data were only included up to week 76, as fewer patients provided data afterward. AE were reported as exposure-adjusted incidence rates (incidence per 100 patient-years).
RESULTS
Patients
The SCULPTURE core study randomized 966 patients 1:1 to secukinumab at 300 or 150 mg. At week 12, PASI-75 responders (n = 843) were re-randomized 1:1 to FI or RAN maintenance regimens at their respective doses. After the completion of the 52-week core study, a total of 642 patients provided written consent to enter the extension study, of whom 168 and 172 patients were randomized to the secukinumab 300 mg FI arm and RAN arm, respectively, and 152 and 150 patients were randomized to the secukinumab 150 mg FI arm and RAN arm, respectively. The core study included 62 Japanese patients with secukinumab 300 mg (n = 31) or 150 mg (n = 31), of whom 59 patients completed the induction phase. PASI-75 response was achieved by 52 patients at week 12, who were re-randomized to FI or RAN at each dose. Fifty Japanese patients completed the core study, and a total of 47 patients entered the extension study with 13 and 14 patients in the secukinumab 300 mg FI arm and RAN arm, respectively, and 10 patients each in the secukinumab 150 mg FI arm and RAN arm. All of the 13 patients in the secukinumab 300 mg FI arm continued the study up to week 152, while 12 patients continued in the secukinumab 300 mg RAN arm (reasons of discontinuation were physician decision and AE). In the 150 mg FI arm and RAN arm, seven and eight patients, respectively, continued up to week 152. Three patients in the 150 mg FI arm, one female with bodyweight of 60 kg or less (48.6 kg) and two males of more than 60 kg (77.6, 81.5 kg), discontinued due to lack of efficacy, and two patients in the 150 mg RAN arm, one female with bodyweight of more than 60 kg (69.0 kg) and one male of 60 kg or less (52.8 kg), discontinued due to subject/guardian decision. The treatment arms included patients previously treated with biologics: two (infliximab, adalimumab) in the 300 mg FI arm, four (two each of ustekinumab and infliximab) in the 300 mg RAN arm, and one each (infliximab and adalimumab) in the 150 mg FI and RAN arms, respectively.
Baseline demographics and background characteristics for the extension treatment period were representative of the psoriatic population, and no clinically meaningful differences were noted between the secukinumab 300 mg FI and RAN treatment arms (Table 1 ). The baseline demographics for 150 mg FI and RAN treatment arms are presented in Table S1 .
Efficacy
Overall, Japanese patients in the secukinumab 300 mg FI arm sustained PASI-75, -90 and -100 response levels from week 12 to week 152 (Figs 1,2) . In contrast, the proportion of PASI-75, -90 and -100 responders in the RAN arms started to decline from week 20 and were lower compared with the FI arms. At week 152, the proportion of patients with a PASI-75 response was notably higher in the 300 mg FI (100.0%) compared with the 300 mg RAN (58.3%) arm. Similarly, the proportion of patients with a PASI-90/100 response at week 152 was notably higher in the 300 mg FI arm (69.2%/53.8%) compared with the 300 mg RAN (33.3%/8.3%) arm.
PASI-75/90/100 responses at the lower dose of 150 mg FI and RAN regimens in Japanese patients (71.4%/42.9%/42.9% and 37.5%/0%/0%, respectively) were numerically less compared with 300 mg FI (100%/69.2%/53.8%) and RAN (58.3%/ 33.3%/8.3%; Figs S2,S3). Two patients previously treated with biologics in the 300 mg FI arm were a PASI-75-89 responder and a PASI-90-100 responder at week 152, while two of four patients with previous biologics in the 300 mg RAN arm did not achieve PASI-50; the rest of the patients were a PASI-75-89 and a PASI-90-100 responder at week 152.
Patients in the 300 mg FI arm achieved a high level of psoriasis control, with the mean absolute PASI continually less than 3 after week 12 (Fig. 3) . Mean PASI of the 300 mg RAN arm increased after the switch to placebo at week 12, but remained in the range of 5-9 that was one-third of the baseline mean PASI score, with the retreatment of secukinumab at the start of relapse until regain of PASI-75 response. The mean absolute PASI of the patients in the 150 mg FI and RAN arms was numerically higher compared with corresponding 300 mg arm (Fig. S4) .
A DLQI total score of 0 or 1 was quickly achieved and maintained by approximately two-thirds (61.5-76.9%) of patients with 300 mg FI from week 12 until week 156, the DLQI assessment point of last blinded dose at week 152 (Fig. 4) . Consistently, the patients with DLQI 0/1 in the 300 mg FI arm were mostly PASI-90 responders (≥seven patients) from week 12 to week 156. At week 156, seven of eight patients with DLQI 0/1 were PASI-90 responders, who were 87.5% of total PASI-90 responders (7/8 patients) in the FI arm, and the remainder was a PASI-75-89 responder (1/5 patients).
The proportion of DLQI 0/1 response was slightly lower in the 300 mg RAN arm compared with the 300 mg FI arm, with a variation ranging 35-66% of patients (Fig. S5) . A drop in DLQI 0/1 was observed at week 32 in the RAN arm, which was expected because five patients began the start of relapse for the first time at this time point (20 weeks after week 12). PASI-75 response was regained by one administration of secukinumab (week 32) in two patients and by two administrations (week 32 and 36) in three patients, resulting in a quick recovery in the DLQI 0/1 response. The patients with DLQI 0/1 in the RAN arm were a mixture of different PASI responses; for example, three PASI-90 responders out of total seven patients with DLQI 0/1 at week 156 (Fig. S5) . To evaluate the effect of relapse on the correlation of PASI and DLQI, absolute PASI and DLQI scores at each patient's baseline and first relapse were plotted individually (Fig. S6) . The calculated slope of the trendline for the relapse was smaller than that of the baseline Mean EQ-5D utility score increased after secukinumab treatment toward healthy state in both 300 mg FI and RAN arms with a larger deviation observed in RAN arm later in the maintenance period (0.732, 0.935, 0.946 and 0.950 vs 0.734, 0.932, 0.871 and 0.924 at week 0, 16, 52 and 76; Fig. S7 ). The proportion of patients in each of the answer categories of the EQ-5D by question and visit (based on observed values) showed that patients treated with secukinumab 300 mg FI experienced high rates of improvement in all of the EQ-5D domain measures (Fig. 5) . At week 52 and 76, all patients of the 300 mg FI arm (n = 13) were in the category of no problems in mobility and anxiety/depression. In the 300 mg RAN arm, an improvement was observed before the randomization at week 12, but the patients with no problems decreased during the maintenance period with the RAN regimen (Fig. S8) . Consistently, EQ-5D visual analog scale score (i.e. improvement) was constantly high with 300 mg FI treatment, but slightly declined with 300 mg RAN after an increase from baseline (Fig. 6 ).
Safety
Non-fatal serious AE were reported in two patients in the 300 mg FI arm (diabetes mellitus and cervical dysplasia) and three patients in the 300 mg RAN arm (one patient with liver injury and femur fracture due to a car accident, one patient each of altered state of consciousness and bacterial tonsillitis). The most common AE observed from week 0 to week 152 in the Japanese population was nasopharyngitis in both the 300 mg FI and RAN arms. The incidences of folliculitis and hypertension were higher in the 300 mg FI than 300 mg RAN arm (Table 2) . With regard to AE of special interest, one case of moderate Candida infection, which was completely resolved in 14 days with concomitant medication without discontinuation of secukinumab therapy, was reported in the 300 mg FI arm.
DISCUSSION
Psoriasis is a chronic and potentially lifetime skin disease. Evaluation of efficacy and safety profiles of psoriasis therapies over multiple years, ideally under double-blind conditions, is needed to understand the potential of long-term disease control. Moreover, it is clinically important to determine the optimal regimen for a long-term maintenance treatment.
Secukinumab is a recombinant, high-affinity, fully human monoclonal antibody, that selectively binds to and neutralizes IL-17A. SCULPTURE was a phase 3 study designed to compare FI and RAN maintenance regimens at two doses (300 mg and 150 mg s.c. secukinumab) in patients with moderate to severe plaque psoriasis up to week 52). The double-blind phase was extended up to week 152 to enable a fair comparison of the maintenance regimens. Here, we report the results of Japanese patients included in the SCULPTURE core and extension studies.
In this long-term study, all 13 patients re-randomized to the 300 mg FI arm at week 12 completed the 3-year double-blind phase, indicating high durability of the FI treatment with secukinumab 300 mg. Moreover, a high degree of efficacy was maintained through 3 years of treatment in the secukinumab 300 mg FI arm, with nine of 13 patients (69%) exhibiting clear (PASI-100) or almost clear skin (PASI-90) at week 152. The PASI-90 responders included one of two patients previously treated with biologics in the arm, suggesting the possibility of high responses in the patients who failed previous biologics. Long-term psoriasis control was achieved with the mean absolute PASI in the 300 mg FI arm remaining under 3 during years 2 and 3 of treatment.
Secukinumab 300 mg FI demonstrated consistently high and sustained responses with improvement in QoL over time, as assessed by DLQI and EQ-5D. Notably, approximately twothirds of the 300 mg FI arm reported no effect of skin disease on their lives (DLQI 0/1) up to week 152. Moreover, DLQI 0/1 was achieved mainly by PASI-90 responders in the 300 mg FI arm (7/8 patients) and was infrequent among PASI-75-89 responders (1/5 patients), suggesting that the high improvement goal, namely PASI-90 response, is critical to achieve DLQI 0/1. Improvement in HRQoL was also demonstrated in all EQ-5D domains, with all patients reporting no problem in the EQ-5D domain of mobility and anxiety/depression at week 52 and 76.
Secukinumab administrated in the 300 mg RAN arm was less efficacious over time than the 300 mg FI arm, consistent with the overall results of the study. Although no statistics were conducted for the Japanese patients due to lack of power, the superiority of the FI arm over the RAN arm was demonstrated in the entire populations. 8 Analysis of correlation of PASI and DLQI score at relapse suggested an impaired QoL at relapse compared with baseline, supporting use of continuous Efficacy of the lower dose of 150 mg was less compared with the same regimens of 300 mg. Administration of 150 mg as a single dose was approved in Japan for patients with bodyweight of 60 kg or less. Of the three patients (one female, two males) with bodyweight of 60 kg or less in the 150 mg FI arm, two male patients achieved PASI-100, which may support the approved label in Japan. However, the remaining female patient of low weight discontinued the study due to lack of efficacy. It is noteworthy that the two more discontinued patients in the 150 mg FI arm had relatively high bodyweight (77.6, 81.5 kg), which may explain the insufficient response of the patients. Besides, compared with the 150 mg FI arm, efficacy further reduced in the 150 mg RAN arm with none achieving PASI-90, indicating the necessity of continuous treatment especially in the case of 150 mg dose.
Recently published comprehensive analysis of pooled safety data from 10 studies supported the favorable safety profile of secukinumab in patients with moderate to severe psoriasis. 5 This analysis of Japanese patients, as well as the overall population in the SCULPTURE core and extension study, demonstrated a consistent safety profile with that of the pooled data and provides supportive evidence on the long-term favorable safety profile.
A limitation of this report was that the sample size of Japanese patients was too small to permit statistical analysis of the results. Although there was no obvious difference from the overall population in the study, the results must be interpreted with caution.
This extension study reported the sustained efficacy and favorable safety profile of a secukinumab 300 mg FI regimen in Japanese patients with moderate to severe plaque psoriasis for up to 3 years. It is of note that all 13 Japanese patients in the secukinumab 300 mg FI arm completed the 3-year doubleblind phase of the study, with a high level of efficacy in PASI responses and mean PASI score. Defined as myocardial infarction, stroke or cardiovascular death. All patients with MACE had two or more pre-existing risk factors. None of the events was considered to be related to study drug by the investigators and none led to study discontinuation. Only patients who completed the SCULPTURE core study and continued into the extension are included in this analysis. A patient with multiple occurrences of an AE under one treatment is counted only once in the AE category for that treatment. AE, adverse event; FI, fixed interval; IR, incidence rate per 100 patient-years; MACE, major adverse cardiovascular event; RAN, retreatment as needed; SAE, serious AE. 
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